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IN THE CLAIMS 

1-7. (Cancelled) 

8. (Currently Amended) A method for depositing a copper-containing seed 
layer onto a barrier layer, comprising: 

providing a substrate comprising the barrier layer disposed on a substrate 
surface, wherein the barrier layer has a barrier surface selected from the group 
consisting of a tungsten surface, a tungsten nitride surface, a titanium surface, a 
titanium nitride surface, a cobalt surface, a ruthenium surface, a nickel surface, 
and a silver surface , and the barrier layer does not have another layer disposed 
thereon ; 

exposing the substrate to a first copper solution comprising complexed 
copper ions and having a pH value of less than 7, wherein the complexed copper 
ions are derived from a copper ion source and at least one EDTA liaand s el ected 
from th e group cons i sting of copp e r c i trat e , copp e r borate, copp e r tartrate, 
copp e r oxa l at e, dorivat e s th e r e of, and combinations th e r e of ; 

applying a first electrical bias across the substrate surface to chemically 
reduce the complexed copper ions to deposit form a copper seed layer ©frt© on 
the barrier surface, wherein the copper seed layer is formed on and across the 
entire barrier layer surface; 

annealing the copper seed layer dispos e d formed on the substrate; and 

depositing a copper gap-fill layer by: 

exposing the substrate to a second copper solution comprising 
free-copper ions; and 

applying a second electrical bias across the substrate surface to 
deposit the copper gap-fill layer onto on the copper seed layer. 
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9. (Previously Presented) The method of claim 8, further comprising 
depositing a copper bulk-fill layer by: 

exposing the substrate to a third copper solution comprising free-copper 
ions; and 

applying a third electrical bias across the substrate surface to deposit the 
copper bulk-fill layer onto the copper gap-fill layer. 

10. (Original) The method of claim 9, wherein at least one leveling agent is 
added to the second copper solution to form the third copper solution. 

11-19. (Cancelled) 

20. (Currently Amended) A method for depositing a copper-containing seed 
layer onto a barrier layer, comprising: 

providing a substrate comprising the barrier layer disposed on a substrate 
surface, wherein the barrier layer has a barrier surface selected from the group 
consisting of a tungsten surface, a tungsten nitride surface, a titanium surface, a 
titanium nitride surface, a cobalt surface, a ruthenium surface, a nickel surface, 
and a silver surface , wherein the barrier surface has no material layer formed 
thereon ; 

exposing the substrate to a complexed copper solution comprising 
complexed copper ions to chemically reduce r e duc i ng th e complexed copper 
ions with a first electrical bias to form a copper seed layer on the barrier surface A 
wherein the complexed copper ion is from a compound having at a copper ion 
source and at least one EDTA ligand : 

annealing the copper seed layer in an oxygen free environment dispos e d 
formed on the substrate; and 

depositing a copper gap-fill layer by: 

exposing the substrate to a first copper solution comprising free- 
copper ions; and 
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applying a second electrical bias across the substrate surface to 
deposit the copper gap-fill layer onto on the copper seed layer. 

21. (Previously Presented) The method of claim 20, further comprising 
depositing a copper bulk-fill layer by: 

exposing the substrate to a second copper solution comprising free- 
copper ions; and 

applying a third electrical bias across the substrate surface to deposit the 
copper bulk-fill layer onto the copper gap-fill layer. 

22. (Previously Presented) The method of claim 21, wherein at least one 
leveling agent is added to the first copper solution to form the second copper 
solution. 

23-30. (Cancelled) 

31. (Currently Amended) A method for depositing a copper-containing seed 
layer onto a barrier layer, comprising: 

providing a substrate comprising the barrier layer disposed on a substrate 
surface, wherein the barrier layer has a barrier surface selected from the group 
consisting of a tungsten surface, a tungsten nitride surface, a titanium surface, a 
titanium nitride surface, a cobalt surface, a ruthenium surface, a nickel surface, 
and a silver surface , wherein the barrier layer does not have a copper layer 
disposed thereon : 

exposing the substrate to a complexed copper solution comprising 
complexed copper ions derived from a copper ion source and at least one EDTA 
ligand s e l e ct e d from th e group consist i ng of copp e r citrat e , copp e r borat e , copp e r 
tartrate, copp e r oxalat e , d e r i vat e s th o r o of, and combinat i ons th e r e of ; 
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reducing the complexed copper ions with a first electrical bias to form a 
copper seed layer on the barrier surface, wherein the first electrical bias has a 
current density of less than about 10 mA/cm 2 across the substrate surface 
wherein the copper seed layer is directly formed on the barrier surface without 
intervening layer disposed therebetween; and 
depositing a copper gap-fill layer by: 

exposing the substrate to a second copper solution comprising 
free-copper ions; and 

applying a second electrical bias across the substrate surface to 
deposit the copper gap-fill layer ofrte on the copper seed layer. 

32. (Previously Presented) The method of claim 31, further comprising 
depositing a copper bulk-fill layer by: 

exposing the substrate to a third copper solution comprising free-copper 
ions; and 

applying a third bias across the substrate surface to deposit the copper 
bulk-fill layer onto the copper gap-fill layer. 

33. (Original) The method of claim 32, wherein at least one leveling agent is 
added to the second copper solution to form the third copper solution. 

34-38. (Cancelled) 

39. (Previously Presented) The method of claim 38, wherein the first copper 
solution contains a copper concentration within a range from about 0.02 M to 
about 0.8 M. 
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40. (Previously Presented) The method of claim 39, wherein the first electrical 
bias generates a current density of less than about 10 mA/cm 2 across the 
substrate surface. 

41 . (Previously Presented) The method of claim 39, wherein the first electrical 
bias generates a current density within a range from about 0.5 mA/cm 2 to about 3 
mA/cm 2 across the substrate surface. 

42. (Previously Presented) The method of claim 38, wherein the copper seed 
layer has a thickness of less than about 200 A. 

43. (Previously Presented) The method of claim 38, wherein the pH value is 
within a range from about 4.5 to about 6.5. 

44. (Previously Presented) The method of claim 8, wherein the barrier layer 
consists essentially of cobalt, ruthenium, nickel, or tungsten. 

45-47. (Cancelled) 

48. (Currently Amended) The method of c l a i m 4 7 claim 20 , wherein the 
complexed copper solution contains a copper concentration within a range from 
about 0.02 M to about 0.8 M. 

49. (Previously Presented) The method of claim 48, wherein the first electrical 
bias generates a current density of less than about 10 mA/cm 2 across the 
substrate surface. 

50. (Previously Presented) The method of claim 48, wherein the first electrical 
bias generates a current density within a range from about 0.5 mA/cm 2 to about 3 
mA/cm 2 across the substrate surface. 
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51. (Currently Amended) The method of c l a i m 47 claim 20 , wherein the 
copper seed layer has a thickness of less than about 200 A. 

52. (Currently Amended) The method of c l aim 47 claim 20 . wherein the 
complexed copper solution comprises a pH value within a range from about 4.5 
to about 6.5. 

53. (Previously Presented) The method of claim 31, wherein the copper seed 
layer is deposited on the entire barrier surface. 

54. (Cancelled) 

55. (Currently Amended) The method of c l a i m 54 claim 31 , wherein the 
complexed copper solution contains a copper concentration within a range from 
about 0.02 M to about 0.8 M. 

56. (Previously Presented) The method of claim 55, wherein the current 
density is within a range from about 0.5 mA/cm 2 to about 3 mA/cm 2 across the 
substrate surface. 

57. (Previously Presented) The method of claim 54, wherein the copper seed 
layer has a thickness of less than about 200 A. 

58. (Previously Presented) The method of claim 54, wherein the complexed 
copper solution has a pH value within a range from about 4.5 to about 6.5. 
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59. (Currently Amended) A method for depositing a copper-containing seed 
layer onto a barrier material layer, comprising: 

providing a substrate having a ruthenium barrier layer disposed on a 
substrate surface , wherein the ruthenium barrier layer does not have another 
layer disposed thereon ; 

exposing the substrate to a first copper solution comprising complexed 
copper ions and having a pH value of less than 7; 

applying a first electrical bias across the substrate surface to chemically 
reduce the complexed copper ions and to deposit form a copper seed layer onto 
the ruthenium barrier laye r, wherein the complexed copper ion is from a 
compound having a copper ion source and at least one EDTA ligand : 

annealing the copper seed layer in an oxygen free environment dispos e d 
formed on the substrate; 

depositing a copper gap-fill layer by: 

exposing the substrate to a second copper solution comprising 
free-copper ions; and 

applying a second electrical bias across the substrate surface to 
deposit the copper gap-fill layer eflte on the copper seed layer; and 

annealing the copper gap-fill layer d i spos e d formed on the substrate. 

60. (Cancelled) 
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